Terminal restriction fragment length polymorphism (T-RFLP) analysis was conducted on the 16S rRNA genes of the bacterial communities colonizing the epithelial surfaces of the terminal ilea of open conventionally housed mice in an institutional small-animal facility. Polymeric-immunoglobulin-receptor-deficient (pIgR ؊/؊ ) mice that were unable to secrete antibodies across mucosal surfaces were cohoused with normal and otherwise genetically identical wild-type (C57BL/6) mice for 4 weeks. If secretory antibodies played a role in modeling the gastrointestinal microbiota, C57BL/6 mice would have had a more distinct and uniform microbiota than their pIgR ؊/؊ cage mates. The T-RFLP profiles of the bacterial communities were compared by using Sorensen's pairwise similarity coefficient, a newly developed weighted pairwise similarity coefficient, and on the basis of Shannon's and Simpson's diversity indices. No systematic differences were observed between the dominant components of the mucosa-associated bacterial communities of the terminal ileal walls of the two types of mice, indicating that secretory antibodies do not control the composition of this microbiota. Similar analyses of experiments conducted at two different times, between which the bacterial community composition of the mouse colony in the small-animal facility appeared to have changed, showed that differences could have been detected, had they existed.
Colonization of the mucosal surfaces of the gastrointestinal (GI) tract of mammals begins at birth with a succession of microorganisms, until a relatively stable, climax, GI microbial community is established (2, 10, (38) (39) (40) . In mature animals, the number of microbial cells in the GI tract outnumbers the number of eukaryotic cells in the body, and the GI microbiota plays an important role in the host's life and health (2, 10) . In addition to producing nutrients, the GI microbiota plays an important role in protection against disease. The dense microbial population occupies many attachment sites on the epithelial cell layer lining the mucosal surface of the GI tract, limiting the opportunities for colonization of the GI tract by pathogens (48) . The resident microbial population is also antagonistic toward invaders by releasing antimicrobial compounds, including fermentation end products, and its protective role against enteric pathogens has been demonstrated (9, 16, 17) . The GI microbiota contributes to the development of the systemic and mucosal immune systems and the physiology of the GI tract. Germfree mice have low levels of circulating and secreted antibody, but after conventionalization with a normal GI microbiota the development of the immune system and normal gut morphology commences, and antibodies are secreted in large amounts at mucosal surfaces (45) .
The rate of antibody secretion at mucosal surfaces reaches 66 mg per kg of body weight of mammals per day and is considered to be the first specific line of immune defense (22, 32) . Of the secreted antibody isotypes (immunoglobulin A [IgA], IgG and IgM), IgA is the most abundant and is predominantly produced by B1 lymphocytes residing in the lamina propria in a T-cell-independent pathway (1, 24, 28) . However, lower levels of antibody are also produced by B2 lymphocytes in a conventional CD4
ϩ -T-cell-dependent pathway (28) . Large amounts of secretory immunoglobulin (sIg) are produced, but its major function has not been completely resolved. Studies with disease models have provided conflicting evidence for protection against mucosal pathogens (3, 15, 35 ; T. K. Uren and R. A. Strugnell, unpublished data), whereas evidence supporting its function in trafficing antigens or microorganisms out of the lamina propria back into the intestinal lumen is compelling (20, 37) . It has also been proposed that sIg may act as a neutralizing "blanket" to prevent the translocation of antigens derived from the GI tract across the epithelial cell layer lining the mucosal surface in the first place (1, 19, 50) . sIg has also been suggested to model the microbiota of the GI tract (4, 10, 32, 38) . There is certainly an interaction of the GI microbiota with the mucosal immune system and subsequent coating of the microbiota with sIg (29, 49) .
Studies of the role of sIg in maintaining or determining the structure of the commensal microbial community of the GI tract (6, 18, 31) have most recently examined the microbiota of gnotobiotic MT mice possessing a simple-defined GI microbiota (31) . Mice were transferred from a contained environment to conventional housing at weaning, and no overgrowth of this microbiota by exogenous microorganisms was observed (31) . However, MT mice have subsequently been shown to secrete variable but significant amounts of sIgA (30) , casting doubts on the results of these experiments (4, 30) . In contrast, more recent studies (18, 43) have shown that the colonization patterns of the segmented filamentous bacteria (SFB), as-yetuncultivated but characteristic organisms found predominantly in the terminal ileum of young animals (7, 43) , are influenced by the actions of the immune system. SFB are able to persist for longer in severe combined immunodeficient (SCID) mice, which are deficient in T and B cells, and therefore deficient in sIg (18) . The persistence of SFB in SCID mice implies that the mucosal immune system may control the colonization of at least one component of the GI microbiota. sIg has been shown to interfere with bacterial adherence to the epithelium (31) and therefore has the ability to control the access of bacteria to the intestinal epithelium. Given the recent findings of a possible role of sIg in controlling colonization of SFB in SCID mice (18) , and the problems associated with previous models studying the effect of sIg on the GI microbiota, we have revisited the effect of sIg on the GI microbiota in sIg-deficient mice exposed to an environment with the potential for unlimited microbial colonization.
We have examined the impact of sIg on the composition of the GI microbiota by comparing the 16S rRNA genes of bacterial communities in the terminal ileum of cohoused, open-conventional C57BL/6 and polymeric-immunoglobulinreceptor-deficient (pIgR Ϫ/Ϫ ) mice. The use of a culture-independent technique (terminal restriction fragment length polymorphism [T-RFLP]) enables the entire bacterial community to be studied, without the problems associated with low culturability from complex microbial communities (27, 36) . pIgR Ϫ/Ϫ mice express a truncated pIgR that is unable to bind immunoglobulin for secretion across mucosal surfaces (19, 42, 47) . Therefore, pIgR Ϫ/Ϫ mice are deficient in all isotypes of sIg but have a genetic background that is otherwise identical to wild-type C57BL/6 mice (47). If sIg plays a significant role in modeling the commensal microbiota, open housing will result in changes to the microbiota in sIg-deficient animals, whereby otherwise transient organisms may become established as microbiota colonizing the epithelium of the GI tract.
MATERIALS AND METHODS
Mice. C57BL/6 and C57BL/6-pIgR Ϫ/Ϫ (hereafter referred to as pIgR Ϫ/Ϫ ) mice were used in the present study. A description of the construction and characterization of the immunological phenotype of pIgR Ϫ/Ϫ mice has been published elsewhere (47) . Briefly, C57BL/6 embryonic stem cells were transfected in vitro with a recombination cassette carrying neomycin resistance (kindly supplied by F. Johansen, University of Oslo). Mutant embryonic stem cells were selected by neomycin resistance and analyzed by Southern blotting for mutation of the pIgR locus (19) . Embryonic stem cells carrying the neomycin cassette inserted into the pIgR locus were microinjected into developing C57BL/6 embryos. These embryos were then implanted into pseudopregnant mice. Heterozygous offspring (i.e., pIgR ϩ/Ϫ ) were detected by Southern blot as previously described (19) and bred to homozygosity (i.e., pIgR Ϫ/Ϫ ). The phenotype of these pIgR Ϫ/Ϫ mice was very similar to that described by others (19, 42) .
To eliminate any potential effects that may be caused by separate housing, 6-week-old C57BL/6 and pIgR Ϫ/Ϫ specific-pathogen-free female mice were cohoused in groups of 4 for 4 weeks under conventional conditions prior to commensal microbiota analysis at 10 weeks of age. Cages contained individual animals from four different litters. Animals housed under these conventional conditions were susceptible to colonization by microorganisms from the normal small-animal facility environment. Two experiments were conducted, 3 months apart.
Phenotyping. The phenotypes of pIgR Ϫ/Ϫ and C57BL/6 mice were confirmed by enzyme-linked immunosorbent assay (ELISA) of immunoglobulin levels in serum, saliva, and feces. Saliva was collected after intraperitoneal injection of 200 l of carbachol (20 g/ml in phosphate-buffered saline [PBS]; 1.9 mM KH 2 PO 4 , 8.1 mM Na 2 HPO 4 , and 150 mM NaCl at pH 7.4). Whole blood was collected from the retro-orbital plexus by using heparinized capillary tubes, and serum was separated by low-speed centrifugation. Fresh fecal samples were collected, and all samples were stored at Ϫ20°C until analysis. Immunoglobulin was extracted from feces by using the method described by Bromander et al. (5 SO 4 , and the absorbance at 492 nm was read on a Labsystems Multiskan plate reader (Thermolabsystems, Helsinki, Finland). The amount of IgA in each sample was estimated from a standard curve prepared by using purified mouse IgA hybridoma protein (ICN Biomedicals, Costa Mesa, Calif.). Mean and standard deviation values were calculated from the individual titers from six mice (serum and feces) or five mice (saliva). The presence of immunoglobulin in bile was measured by Western blot. Bile was removed from the gallbladder of mice sacrificed by CO 2 inhalation, with a syringe and fine-gauge needle, avoiding contamination with blood. The proteins in 20 l of bile were separated by sodium dodecyl sulfate-polyacrylamide gel electrophoresis according to the method of Laemmli et al. (25) as described by Dunstan et al. (13) . Western blot analyses were carried out as described by Dunstan et al. (13) except that bound antibody was detected with sheep anti-mouse horseradish peroxidaseconjugated antibody (Silenus) diluted 1/1,000 in PBS.
Extraction of DNA from ileum. After sacrifice of mice by CO 2 inhalation, a 1-cm section of terminal ileum was immediately removed 2 cm from the ileocecal junction by using a sterile scalpel blade. The section was opened, and lumenal debris was removed by four successive washes, each one in 1 ml of PBS. Adherent bacteria were removed from the intestinal wall by homogenization for 20 s at 2,500 rpm in 1 ml of PBS by using a Mini-Beadbeater (BioSpec Products, Inc., Bartlesville, Okla.). The samples, containing PBS, bacterial cells, and the ileal segment, were then pulsed for 5 s in a microcentrifuge, and the supernatant containing released bacterial cells was removed for DNA extraction. Cells were harvested from the supernatant by centrifugation for 15 min at 16,000 ϫ g and then resuspended in 0.5 ml of T50E (10 mM Tris [adjusted to pH 8.0 with HCl] plus 50 mM EDTA [adjusted to pH 8.0 with NaOH]). A total of 200 mg of sterile 0.1-mm-diameter glass beads (BioSpec) was added, and the cells were lysed by shaking in the Mini-Beadbeater for 10 s at 5,000 rpm. No intact cells were observed by phase-contrast microscopy after this step. Debris was pelleted by centrifugation for 5 min at 16,000 ϫ g, and the supernatant, containing the DNA, was removed and placed in a fresh tube. The beads were washed with the addition of 0.5 ml of T50E to remove residual DNA and pelleted by centrifugation, and the supernatants containing DNA were pooled. Proteins in the pooled samples were digested for 2 h at 56°C with 0.5 mg of protease (Qiagen, Clifton Hill, Victoria, Australia) per 1.5-ml sample. The protease-treated samples were then extracted successively with equal volumes of Tris-buffered phenol (pH 8.0; Sigma, Castle Hill, New South Wales, Australia), Tris-buffered phenolchloroform-isoamyl alcohol (25:24:1 [vol/vol/vol]), and finally chloroform/ isoamylalcohol (24:1 [vol/vol]). DNA was precipitated from the T50E, after the addition of NaCl to a final concentration of 0.5 M and 3 volumes of 100% ethanol, by incubation at 4°C for 16 h and then pelleted by centrifugation for 20 min at 16,000 ϫ g. DNA was then washed with 70% (vol/vol) ethanol, pelleted by centrifugation, and finally resuspended in 10 l of T10E (10 mM Tris [adjusted to pH 8.0 with HCl] plus 1 mM EDTA [adjusted to pH 8.0 with NaOH]). Agarose gel electrophoresis was performed to assess DNA quality, and DNA was visualized by staining in the gel with ethidium bromide (0.1 g/ml) and UV transillumination. DNA was quantified by using the precision molecular mass standard (Bio-Rad Laboratories, Hercules, Calif.) and Kodak 1D imaging software (Kodak Scientific Imaging Systems, New Haven, Conn.).
Generation of T-RFLP profiles. All PCRs were performed in 0.2 ml tubes in a PCRsprint thermocycler (Hybaid, Ashford, Middlesex, United Kingdom) in a final volume of 100 l. Each reaction contained 30 ng of DNA, 1 mM MgCl 2 , the high-pressure liquid chromatography-purified oligonucleotide primers 1492r (5Ј-GGYTACCTTGTTACGACTT-3Ј) and FAM27f (5Ј-GAGTTTGATCMTGGC TCAG-3Ј) (Geneworks Pty, Ltd., Adelaide, South Australia, Australia) at final concentrations of 1 M each, PCR buffer (Qiagen), 2 U of Taq DNA polymerase (Qiagen), and 50 M concentrations of each deoxynucleoside triphosphate (Promega, Annandale, New South Wales, Australia). The primer FAM27f was purchased labeled at the 5Ј terminus with 6-carboxyfluorescein (6-FAM). Taq DNA polymerase and deoxynucleoside triphosphates were added to the reactions after an initial 5-min denaturation step at 94°C. The PCR amplification was 25 cycles of 94°C for 15 s, 50°C for 15 s, and 72°C for 60 s, followed by a final extension VOL. 69, 2003 MUCOSAL ANTIBODIES AND THE ILEAL MICROBIOTA 2101 step of 50°C for 1 min and 72°C for 6 min. Unincorporated primers and reaction components were then removed by using an UltraClean PCR cleanup column (Geneworks). The DNA recovered was quantified by agarose gel electrophoresis as described above. The purified PCR products were digested with HaeIII (New England Biolabs, Inc., Beverly, Mass.) for 2 h at 37°C. Each digest contained 3 U of HaeIII, buffer 2 (New England Biolabs), and purified DNA (75 ng) in a final volume of 25 l. The digested product was precipitated as described above, and dried pellets were resuspended in 10 l of distilled water. An aliquot of 2.5 l of the resuspended product was added to 0.3 l of Genescan 500 Rox size standard (Applied Biosystems, Foster City, Calif.) and then 0.4 l of Dextran Blue (50 mg per ml of 25 mM EDTA, pH 8.0 with NaOH) and 1.8 l of formamide were added, before denaturation at 95°C for 3 min. A 1-l portion of this was separated by using a 377 DNA sequencer (Applied Biosystems) at the Australian Genome Research Facility (Parkville, Victoria, Australia). Analysis of T-RFLP profiles. Each sample analyzed generated a profile consisting of terminal restriction fragments (T-RFs) that each had a size or fragment length (in nucleotides) and an area (reflecting the amount of 6-FAM label detected). The raw data set of peak areas and fragment lengths obtained from the Genotyper software (Applied Biosystems) was first compiled so that all unique T-RFs in the entire data set of all of the profiles to be analyzed were included in each T-RFLP profile in that data set. To do this, T-RFs that were present in at least one sample were added to the data set of all profiles that lacked that T-RF, and an area of zero was assigned to that T-RF if it had not been detected. A threshold area value was then used to remove small peaks that may be detected purely as a result of the amount of DNA applied to the separation gels (see Results for more information). To do this, the area that each T-RF contributed was calculated as a proportion of the total area for all T-RFs in that profile. These proportions were then assigned to the appropriate T-RFs as a relative area. T-RFs that contributed less than a designated threshold percentage (0 to 8%, as detailed in Results) were reassigned a value of zero. These edited data sets were then subjected to further analysis.
A Sorensen's pairwise similarity coefficient, C s , was calculated for each pair of T-RFLP profiles within a complete edited data set as follows:
where j is the number of T-RFs with relative areas of greater than zero common to the two profiles being compared within an edited data set, and a and b are the number of T-RFs with a relative area of greater than zero in each of the two profiles. A weighted similarity coefficient, C w , was calculated for each pair of T-RFLP profiles within an edited data set by using the empirically derived formula:
where A i and B i are the relative areas of the ith T-RF in the two profiles being compared, and n is the total number of T-RFs in that edited data set.
The Sorensen's pairwise similarity coefficients and the weighted similarity coefficients were converted to distance values, E s and E w , respectively, where
A least-squares method (14) was used to derive dendrograms expressing graphically the similarities of all T-RFLP profiles with all others in an edited data set from a matrix of E s or E w values. These calculations were implemented in the ANGIS software package (26).
Shannon's diversity index, H, was calculated for each T-RFLP profile within each edited data set as follows:
where A i is the relative area of the ith T-RF with an area of greater than zero, and n is the total number of T-RFs with an area of greater than zero in that T-RFLP profile.
Simpson's diversity index, D, was calculated for each T-RFLP profile within each edited data set as follows:
where A i is the relative area of the ith T-RF with a value of greater than zero, and n is the total number of T-RFs with an area of greater than zero in that T-RFLP profile.
The significance of the differences between the mean values of H, D, E s , and E w for different subsets within an edited data set was tested by using Student t test implemented in the Excel software package (Microsoft Corp., Redmond, Wash.). Regression coefficients were derived from linear fits to the data by using CricketGraph (Computer Associates International, Inc., Islandia, N.Y.). Principle component analysis was performed by using the NetMul multivariate analysis system (44) .
RESULTS

Mouse phenotype. pIgR
Ϫ/Ϫ mice were generated on a C57BL/6 background by using a neomycin-resistant targeting vector (19) that disrupted exon 3 of the locus encoding the pIgR (47) . Secretory antibodies were absent from mucosal secretions of pIgR Ϫ/Ϫ , as reported previously (19) . C57BL/6 mice had IgA levels in the saliva (6.2 Ϯ 3.3 g ml Ϫ1 ), serum (251 Ϯ 106 g ml Ϫ1 ), and feces (239 Ϯ 62 g g Ϫ1 ) that were comparable to those expected for normal mice (19, 42) . pIgR Ϫ/Ϫ mice displayed much lower levels of IgA in saliva and feces, but much higher levels in serum (Fig. 1A) . In addition, immunoglobulins could not be detected in the bile of pIgR Ϫ/Ϫ mice (Fig. 1B) .
T-RFLP reproducibility and analysis. Samples of ileal community DNA from 3 mice (samples 1 and 2 ϭ pIgR Ϫ/Ϫ ; sample 3 ϭ C57BL/6) were used as templates in PCR. The reproducibility of restriction enzyme digests was tested by performing three replicate digests on the PCR product amplified from DNA sample 1. The reproducibility of the PCR itself was examined by performing five replicate PCRs with DNA from each of samples 2 and 3 as a template and then digesting each of these independently. One T-RFLP profile generated from sample 3 was not included in the analysis because insufficient product DNA was present. A threshold was applied to remove all T-RFs that contributed Ͻ5% to the total area of all T-RFs (reasoning explained below). A distinct grouping of replicate samples was observed by using two methods of data analysis, Sorensen's similarity coefficient ( Fig. 2A) and a weighted similarity coefficient (Fig. 2B) . These results suggested that individual PCRs and restriction digests were reproducible and that a 5% threshold did not affect this reproducibility. Regardless of the analysis, the replicate digests on the same PCR product yielded less variability (mean E s ϭ 0.05, range ϭ 0.00 to 0.08; mean E w ϭ 0.09, range ϭ 0.03 to 0.12) than the combination of independent PCR and digestion observed with sample 2 (mean E s ϭ 0.07, range ϭ 0.00 to 0.17; mean E w ϭ 0.11, range ϭ 0.01 to 0.17) and sample 3 (mean E s ϭ 0.13, range ϭ 0.00 to 0.27; mean E w ϭ 0.15, range ϭ 0.04 to 0.23).
Profiling of the GI microbiota in C57BL/6 and pIgR ؊/؊ mice. We generated T-RFLP profiles of the 16S rRNA genes of the bacterial communities extracted from the terminal ilea of 16 C57BL/6 and 15 pIgR Ϫ/Ϫ mice. DNA extraction from the ilea of some mice was unsuccessful, and results from these analyses are therefore missing from the final data set. Common and unique T-RFs were present in the profiles. Common TRFs were found equally in both C57BL/6 or pIgR Ϫ/Ϫ phenotypes, whereas unique T-RFs were not more prevalent in either the C57BL/6 or pIgR Ϫ/Ϫ mice ( Table 1 ). The contribution of some T-RFs that were present in the majority of mice to the total amount of FAM-labeled digested product varied from Ͻ5 to 52%, but this variation was as great within animals of the same phenotype as it was between animals of different phenotypes.
Standardization of T-RFLP profiles.
When the data set derived from the 31 T-RFLP profiles was examined, it was observed that the total number of T-RFs in each profile increased as the amount of labeled product in the profile increased (Fig.  3A) . The relative proportion of the labeled digested product that each T-RF constituted, as part of a single profile from a single mouse ileum, was calculated by expressing the area under the peak corresponding to each T-RF as a percentage of the total labeled product on the profile, i.e., the sum of the areas for all of the T-RFs in a profile. We observed that the "new" T-RFs seen when large amounts of labeled product were analyzed almost universally constituted a small fraction of the total area of all T-RFs, as expected since the detection limit remained constant. To avoid the possibility that the amount of labeled product inadvertently biased the comparative analysis of the profiles, we examined the effect of applying a threshold peak area value to the data sets. All T-RFs that constituted less than a set percentage of the total area of a profile were removed prior to comparative analysis. At a threshold of 5%, the effect of area on the number of T-RFs per profile was minimal (Fig. 3B) , while still leaving sufficient T-RFs to analyze the microbial community (Fig. 4A) . After the application of a 5% threshold, the remaining T-RFs constituted on average 78% of the original labeled product in the profile. At this threshold, the regression coefficient between total labeled product in each profile and the number of T-RFs was approximately zero, indicating that the effect of the total amount of labeled product is much reduced compared to that observed when no threshold or smaller threshold values were applied (Fig. 4B) . sIg does not model the GI community composition. The GI microbiota of pIgR Ϫ/Ϫ mice was compared with that of C57BL/6 mice, and distance matrices were constructed by using the Sorensen's similarity coefficient and the weighted similarity coefficient. The composition of the bacterial microbiota of the terminal ileal bacterial communities of individual animals was observed to vary greatly from that of other individuals (Table 2 ). This variability was as great among animals of the same phenotype as it was among animals of different phenotypes (Table 2) . Some mice had terminal ileal microbiota that generated T-RFLP profiles with no T-RFs constituting Ͼ5% of the total that were common to other profiles (Table 1) , resulting in E s and E w values of 1.00 at a 5% threshold ( Table  2 ). The two different methods of analysis produced different distance values (E s and E w ) between any two samples. For example, by using the Sorensen's similarity coefficient, mice pIgR Ϫ/Ϫ [12] and C57BL/6 [21] were 69% different. When the same two samples were examined by using the weighted similarity coefficient, this difference rose to 86%. Examining the 
FIG. 2.
Grouping of T-RFLP profiles generated from the ilea of mice, based on Sorensen's similarity coefficient (A) and a weighted similarity coefficient (B), both applied at a 5% threshold. The numbers 1 to 3 refer to different DNA templates, and the letters a to e refer to different replicates (see the text for details). The matrices of similarity coefficients were transformed to distances and the dendrograms constructed by using a least-squares algorithm (14) . The scale bar represents a 10% difference. on September 7, 2017 by guest http://aem.asm.org/ raw T-RFLP data, it can be seen that these two mice shared a common T-RF of 330 bp (Table 1) , but the abundance of this T-RF varied, contributing 43% in pIgR Ϫ/Ϫ [12] and 6% in C57BL/6 [21] (data not shown). Therefore, the mice with large stoichiometric differences in the contribution that common T-RFs made to the total were found to be less alike by using the weighted similarity coefficient than with Sorensen's similarity coefficient.
The distances between each sample were represented graphically by constructing a dendrogram based on the Sorensen's similarity coefficients of pairwise comparisons of T-RFLP profiles. No distinct pattern of clustering between the pIgR Ϫ/Ϫ and C57BL/6 mice was observed at either a 0% (not shown) or a 5% threshold (Fig. 5A) . When multiple independently amplified and digested T-RFLP profiles generated from these DNA samples were included in the analyses, the replicates grouped most closely with each other (data not shown). There was no statistical support for segregation of T-RFLP profiles between C57BL/6 and pIgR Ϫ/Ϫ mice ( Table 3 ). The T-RFLP profiles obtained from the different animals were also compared by using a weighted coefficient that took into account T-RF abundance (peak area). The pIgR Ϫ/Ϫ and C57BL/6 mice did not group separately, whether a 0% (not shown) or a 5% threshold was applied (Fig. 5B) , and statistical analysis again indicated that there was no difference in the GI bacterial microbiota between the pIgR Ϫ/Ϫ and C57BL/6 phenotypes (Table 3) . However, there did appear to be a strong grouping of mice based on experiment date, whether the threshold was 0% (not shown) or 5% (Table 3) , indicating a general change in the composition of the GI microbiota in the   FIG. 3 . Relationship between the amount of labeled product in a T-RFLP profile, expressed as total peak area (fluorescence units), and the number of peaks, if the entire data set of T-RFs is used (A) and if the T-RFs that constitute Ͻ5% of the total peak area are eliminated from the data set (B). Symbols: F, profiles from C57BL/6 mice; E, profiles from pIgR Ϫ/Ϫ mice.
FIG. 4.
Effect of applying different thresholds on the T-RFLP data sets, calculated for 31 T-RFLP profiles. T-RFs that contributed less than the threshold to the total peak area were eliminated from the data set. (A) The elimination of smaller T-RFs by the application of the threshold results in a lower number of peaks remaining in the analysis. (B) This resulted in a decreasing correlation (measured as a regression coefficient) between the remaining total peak area and the remaining number of peaks (E) while not so dramatically affecting the remaining total peak area itself (F). Diversity analyses. Shannon's (H) and Simpson's (D) diversity indices were calculated for each of the T-RFLP profiles at both 0% (not shown) and 5% peak thresholds (Table 3) . No significant differences were apparent between the means of either of these diversity indices for pIgR Ϫ/Ϫ and C57BL/6 mice. When the mice from experiments 1 and 2 (conducted 3 months apart) were compared, no difference was apparent by using Simpson's index. Shannon's index indicated that the diversity of the microbiota in the ilea of mice in experiment 1, regardless of phenotype, was lower than in experiment 2 (Table 3).
DISCUSSION
sIg is produced constitutively in mice possessing a normal GI microbiota but does not appear to be absolutely necessary for protection against an array of mucosal pathogens (38; Uren and Strugnell, unpublished). sIg production is associated with energy expenditure and protein loss and so must fulfill some role, but exactly what this is remains an intriguing question. It is well established that there is an interaction between sIg and the commensal microbiota, but we demonstrate in the present study that secreted antibodies do not appear to have a role in controlling the composition of the bacterial community able to colonize the ileum.
Experimental design. pIgR Ϫ/Ϫ mice were first reported several years ago (19, 42) and are deficient in sIg resulting from loss of pIgR function. These animals, with comparisons made to wild-type C57BL/6 mice, are ideal models for assessing the role of sIg independently of other genetic influences. The phenotypes of the pIgR Ϫ/Ϫ and C57BL/6 mice used in the present study were confirmed by ELISAs of IgA levels in saliva, serum, and feces and by Western blot analysis of total immunoglobulins in bile. Compared to C57BL/6 mice, pIgR Ϫ/Ϫ mice were deficient in sIg in the saliva, feces, and bile but had increased levels of IgA in serum, presumably as a result of accumulation due to the interrupted secretion pathway.
Offspring acquire maternal commensal microbiota during birth and before weaning (38) . It is well established that the GI tract is then subject to successive microbial colonizations, before a stable GI microbiota is established (2, 40) . Therefore, it is vital that the ages of the animals used in comparative mi- FIG. 5 . Grouping of T-RFLP profiles generated from the ilea of mice, based on Sorensen's similarity coefficient (A) and a weighted similarity coefficient (B), both applied at a 5% threshold. The matrices of similarity coefficients were transformed to distances, and dendrograms were constructed by using a least-squares algorithm (14) . The scale bar represents a 10% difference. The numbers in brackets refer to individual mice (see Table 1 ). on September 7, 2017 by guest http://aem.asm.org/ crobiota studies are closely matched. The pIgR Ϫ/Ϫ mice used in the present study were mature (10 weeks old) and had been cohoused with age-matched C57BL/6 mice in equal numbers for 4 weeks prior to analysis of the GI microbiota. The commensal microbiota of the mice were analyzed at this age to ensure that a mature and stable microbiota was being studied. Cohousing of pIgR Ϫ/Ϫ and C57BL/6 mice for 4 weeks allowed the effect of sIg to be analyzed independently of any cage effects that might occur if mice with different genotypes were housed separately and for any effects due to phenotype on the commensal bacterial community of the ilea of pIgR Ϫ/Ϫ mice to become apparent. Four weeks should allow any invading organisms acquired from cage mates to become established as members of the epithelial microbiota. This is also sufficient time for specific antibodies to be generated after antigen challenge (13, 34) , which should allow C57BL/6 mice, but not pIgR Ϫ/Ϫ mice, to clear any invading microbiota introduced after cohousing if this was a role of sIg. The animals used in the present study were housed conventionally, and so a certain degree of variation in the microbiota was both expected and observed. More contained housing conditions or introduction of a defined microbiota would have reduced this variation, but at the cost of limiting the potential for increased diversity of the GI microbiota in the absence of sIg. Under the experimental conditions used in the present study, if sIg plays a major role in shaping the commensal microbiota, a more heterogeneous microbial community would be observed in pIgR Ϫ/Ϫ mice, since transient organisms from the environment would be able to colonize at the ileal wall, whereas the presence of sIg in C57BL/6 mice would prevent this.
Choice of method. The effect of sIg on the GI microbiota was measured by using T-RFLP, which is a useful tool for measuring complexity within and differences between microbial communities (11, 27, 33) . The technique is based on sequence heterogeneity within the 16S rRNA gene, allowing the entire bacterial community to be surveyed in one assay. Amplification of 16S rRNA genes can be affected by PCR bias, and extrapolating back to the original community is made difficult by differential bacterial cell lysis and various rrn copy numbers. However, all PCR-based analytical techniques are hampered by these problems (51) . Amplification of 16S rRNA genes with a 6-FAM-labeled forward oligonucleotide primer, followed by restriction enzyme digestion of the amplified products, yields 5Ј-6-FAM-labeled-T-RFs of different sizes from different 16S rRNA genes. Some species with different 16S rRNA genes may yield the same T-RFs but, overall, a fingerprint of the 16S rRNA gene population is produced. Resolution of the T-RFs on sequencing gels yields electropherograms in which each individual peak represents a different-sized T-RF (33) . Using this technique, altered fecal profiles of mice fed a probiotic containing Lactobacillus rhamnosus DR20 have been observed, with the ingested strain detected as a unique T-RF (21) . Changes have also been detected in complex microbial communities exposed to different environmental stimuli (8, 41) .
Many factors have been reported to influence T-RFLP profiles (12, 36) . The impact of one of the more significant of these, the effect of the amount of labeled, digested DNA analyzed in any one profile on the data obtained from that T-RFLP profile (12, 36) , was minimized by the adoption of a 5% relative peak area threshold. By correcting T-RFLP profiles to focus the analysis on the important members of the microbial community and limit the influence of the amount of labeled product loaded on the gel, possible experimental bias introduced by minor "background" T-RFs is removed. After applying a 5% threshold, T-RFLP profiles generated from replicate PCRs and digests resulted in highly similar electropherograms, while nonreplicate samples still retain differences conferred by differences in the major populations. T-RFLP analysis of replicate T-RFLP profiles showed that, despite variation being apparent between replicate T-RFLP profiles, the mean distance variations (E s and E w ) between replicates were much smaller than the mean distance variations detected in T-RFLP profiles from different samples. Therefore, differences introduced by PCR and restriction endonuclease digestion were much smaller than the differences resulting from different ileal bacterial community compositions. Whereas it is impossible to remove all biases in the PCR, or in the DNA extraction, we are confident that since each sample was analyzed consistently any biases affecting samples from C57BL/6 mice should be seen also in samples from pIgR Ϫ/Ϫ mice. Effect of sIg. Analysis of T-RFLP profiles by both the weighted and Sorensen's similarity coefficients showed that the ileal bacterial communities of any one mouse phenotype were not more similar to each other than they were to those from mice of the other phenotype. This is illustrated in both the overlapping distribution of the T-RFLP profiles from the ilea of animals of both phenotypes in the dendrograms generated from matrices of the Sorensen's and weighted distances and the lack of statistical support for any groupings by pIgR Ϫ/Ϫ and C57BL/6 mice. In addition, the richness of the bacterial communities in C57BL/6 and pIgR Ϫ/Ϫ mice compared by using Simpson's and Shannon's diversity indices were not significantly different. The methods used to analyze the T-RFLP profiles were sensitive enough to detect any change in the GI microbiota, since we could observe a clear shift in the ileal bacterial community composition between the two independent replicate experiments, carried out 3 months apart, by the Sorensen's index, the weighted index, and Shannon's diversity index.
The majority of dominant T-RFs (Ͼ10% of total area) were observed in multiple individuals of both phenotypes, indicating that although the entire GI microbiota is variable between animals, there are common dominant components that vary only in abundance between animals. T-RFs that were not common to both phenotypes were generally present in very few animals and generally constituted smaller parts of the total bacterial community. Clone library and T-RFLP analyses of the bacterial microbiota from the ileum (M. Galic, L. Sait, R. A. Strugnell, and P. H. Janssen., unpublished data) has revealed that the major T-RFs observed in the T-RFLP profiles are consistent with those expected from typical ileal microorganisms. T-RFs of 65, 196, 213, 247, 265, 282, 324, 330 , and 372 nucleotides have been identified as originating from 16S rRNA genes of Lactobacillus spp., relatives of "Eubacterium" spp., and Bacteroides spp. These data will be reported as part of another study.
Role of sIg. Despite the extensive research into the mucosal immune system, the exact function of sIg is still unclear. The interaction of the GI microbiota with sIg and the GI epithelium has been demonstrated (18, 23, 24, 28, 29, 38, 45, 46, 48, VOL. 69, 2003 MUCOSAL ANTIBODIES AND THE ILEAL MICROBIOTA 2107 49). Jiang et al. (18) have shown in a monoassociation model that sIg may have a role in controlling the persistence of SFB in mice. We were neither able to confirm nor contradict this result in the presence of a normal microbiota, as SFB were undetectable in mice in our animal facility by microscopy or SFB-specific PCR (unpublished data). We have shown that sIg does not influence the composition (the present study) or size (unpublished data) of the normal epithelial community of the ileum of adult mice. However, enteric viruses and members of the domain Archaea, known to inhabit the GI tract, were not examined in the present study. The interaction between the epithelium, the mucosal immune system, and microbial cells in the GI tract is a complex triptych, requiring further systematic analysis. Our data show that one of the potential interactions, a selection of the commensal microbiota on the epithelial surfaces of the terminal ileum by sIg, may not be significant.
